Introduction
Since Mason M. L. and Maskell E. J. put forward the theory of source-sink relationships on crops in 1928, ongoing research has guided the breeding and high-yielding and as a double late rice has more than 180 grains per panicle, which is more 30% than an ordinary hybrid rice combination Shanyou 63 [22] . Under the same cultivation conditions, the single panicle weight of super hybrid rice is 10 to 15% more than ordinary hybrid rice. The increase of spikelets in super hybrid rice is mainly due to a significant increase in its secondary branches and spikelets per secondary branch. However, most spikelets in secondary branches bloom later and belong to inferior spikelets [23] . It has been reported that an increase of the sink in rice has a positive effect on the accumulation of assimilate products in grains by improving leaf photosynthetic rate as well as accelerating transporting and transformation of assimilation products [24] . Super hybrid rice possesses thick stems, short basal internodes, and leaf sheaths tightly wrapped the wall of stem, so that they can support the greater grain weight. In addition, less productive tillers can obtain high yields because of increases of the single spikelet output in super rice. Panicle with large spikelets require enough supply of assimilation products for promoting their seed setting rate and grain plumpness degree [25] . Therefore, it is necessary to adopt some reasonable cultivating measures to promote source, smooth flow, and increase grain wright for steadily achieving high-yielding cultivating in super rice.
The characteristics of flow
The ability to transport photosynthetic products to kernels during the filling stage markedly affects the yield of rice, and the vascular bundle of the first internode is the vital structure to determine whether the "flow" is smooth, because it is the channel to transport mineral nutrition and assimilation products [26] . According to Ma Jun [27] , super hybrid rice plants have more vascular bundles with larger areas of each vascular bundle, more total vascular bundles, and greater total phloem and total xylem in the first internode than the ordinary hybrid rice, Shanyou 63. The vascular bundle has a similar spikelet number load and sink load in super hybrid rice and Shanyou 63, though the former has many more spikelets than the latter. The vascular tissues in super hybrid rice panicles reduce the spikelet number load and sink load. Therefore, the problem to be solved to avoid poor assimilate during grain filling in super hybrid rice cultivars with inter-subspecies heterosis involves both genetic and physical mechanisms [28, 29] . Some super hybrid cultivars such as Zhongzheyou 1, Yongyou12, Yongyou 15, Dyou 527 and Liangyoupeijiu have been planted in Wenzhou, China. They have not only large panicles but also a higher seed setting rate and 2 The characteristics of source-sink relation and grain filling in super hybrid rice
The characteristics of source
Compared to ordinary hybrid rice, the supply and utilization of source in super hybrid rice combinations have been improved significantly [13] . Super hybrid rice has more green organs (leaves, sheaths) with a high photosynthetic efficiency and the accumulation of dry matter, especially in its late growth stage [14] [15] . Wang Longfu reported that a super hybrid rice Liangyoupeijiu absorbs and transforms more light energy into chemical energy than both of its parent strains, Pei'ai 64S and Indica 9311 [16] . According to Ning Shuju [17] , the net photosynthetic rate in the flag leaf of the super rice Liangyoupeijiu and Dyou527 is significantly higher than those of conventional hybrid rice after heading, which is due to the increase of Rubisco activity and chlorophyll content in their flag leaf as well as excellent stomatal traits. Super hybrid rice also exhibits lower midday photoinhibition and a longer duration of high-value photosynthesis [18, 19] . The increase of the grain-leaf ratio in super hybrid rice can also significantly improves the photosynthetic efficiency of its leaves [20] . According to Guo Zhangwei, the photochemical activities of the flag leaf sheathes in super hybrid rice Liangyoupeijiu are stronger than its male parent 9311, female parent Pei'ai 64S, and the ordinary hybrid rice cultivar Shanyou 63 [21] . The tillering ability of super hybrid rice is lower than that of ordinary hybrid rice because of its weaker apical dominance, which results in less ineffective tillering, a better population quality in the field, higher economic factors and more effective utilization of assimilates. Furthermore, both expansion of leaf area and extension of the grain filling stage in super hybrid rice also increase the supply of photosynthetic resources. Due to its significant increase of spikelets per panicle, each of the spikelet in super hybrid rice is allocated relatively lower photosynthetic products. Thus, improving the supply of source remains a major hurdle for the ongoing improvement of super hybrid rice.
The characteristics of sink
Super hybrid rice develops panicles with more grain For example, Liangyoupeijiu planted as single crop rice in Wenzhou has more than 200 grains per panicle (Liangyoupeijiu) and a large panicle type ordinary hybrid rice (Xieyou 46) (Figure 1 ). The superior spikelets of Xieyou 46 quickly fill to full grain during the initial filling stage, after which the grain weight increases little. Figure 1 presents a line with the same slope in the first stage of grain filling, followed by another line approximately parallel to abscissa (tme), with an obvious break point between two lines. However, the superior spikelets of Liangyoupeijiu rapidly increase in grain weight during the early stage of grain filling, then the rapid growth slows as maximum grain weight is neared. This is seen with the smaller arcshaped curve during grain filling. The weight of inferior spikelets of the two cultivars increases much more slowly than that of superior spikelets, and that of Liangyoupeijiu is slower than that of Xieyou 46. The slope of grain filling of inferior spikelets in Liangyoupeijiu is less than that of grain plumpness. The relocation of assimilates from the stem and sheath is close to 50% at physiological maturity, which shows that the flow is very smooth [30] .
The characteristics of filling
The rate of grain filling of spikelets varies with panicle position. Generally, the superior spikelets fill earlier and faster than the inferior ones, and in addition the inferior ones show an obvious diapause phenomenon in the early period of heading. This phenomenon is referred to differently by researchers, including "asynchronous filling" [31] , "two-step filling" [32] , and apical-grain superiority" [33] . This paper found significant differences in grain filling characteristics between super hybrid rice hybrid rice [39] . Stronger seedlings have more tillers and higher root activity, so the plants quickly turn green and develop tillers early after transplantation. The panicles developed from early emergence tillers or nursery field tillers have well-developed vascular tissues, which improves the transportation of photosynthetic products to grains and increase their source capacity due to higher leaf area and longer vegetable growth duration. Most planting techniques aim to raise stronger seedling by precisely controlling sow seed rate, fertilizer and water management, and chemically regulating the height of seedlings. It is more difficult to raise stronger seedlings for super hybrid double late rice, because of the longer required nursery period with strong light and high temperatures. Thin sowing is an important measure to raise stronger seedling for double late rice. In order to control height, promote early tillering, seeds are usually soaked with 50 to 100mg/L liquid uniconazole, and then planted at 75-105 kg/ha. [40] . In the basal fertilizer applied to seedbeds, nitrogen fertilizers should be decreased while phosphorous and potassium fertilizers increased. Moreover, N fertilizers are usually not applied during the nursery period, except a small amount 3 days before transplanting in double late rice. In Wenzhou, planting super hybrid rice as a single crop can slightly increase the seeding rate when sown between late May and early June, using semi-dry cultivation with a seedling age of about 35 days to ensure enough time for the growth of preceding crops [41] .
Setting up populations with high photosynthetic efficiency
It is essential to set up populations with high photosynthetic efficiency for reduce the discrepancy between source and sink in super hybrid rice [40] . It has been shown that the population with high spike rate on the basis of a certain number of spikes is a high photosynthetic efficiency population [42] . Population with high photosynthetic efficiency possesses high-yielding potential due to several factors including coordination between the the individual and population levels, high light transmittance through leaf layers, organized leaf canopies, low extinction coefficient, high grain-leaf ratio, high photosynthetic efficiency and net assimilation rates [43] . The early and middle tiller stages are the important periods to set up populations with high photosynthetic efficiency. Maximizing the number of effective tillers requires fertilizer made up of nitrogen and basic manure, as well as early dry-cultivation with multiple light sources [44] . Xieyou 46, which indicates that there is still insufficient supply of assimilate products in the inferior spikelets of super hybrid rice. Other researchers also reported similar results [34] . Therefore, it is crucial to improving the seed setting rate and the grain plumpness degree of inferior spikelets for super hybrid rice high-yielding cultivars.
3 Coordinating the relationship between source and sink in super rice
Planting appropriate cultivars
Super hybrid rice cultivars exhibit different environmental adaptability [35] . Gu Wei [36] reported that there are differences in the ecological characteristics of Eteyou107 planted in Nanjing, Jiangsu Province, China and Taoyuan Town, Yongsheng County, Yunnan Province, China. The super hybrid rice Teyou175 planted in Taoyuan Town once set a world record of rice yield at that time, but similar production levels have been recorded in Wenzhou. Liangyoupeijiu planted in the plains and low mountains of Wenzhou, China has an outstanding performance, but it is not adaptable to high mountainous areas because of its susceptibility to the false smut occurring in Wenzhou [37] . Therefore, in order to fully take advantage of the high yield potential of super hybrid and reducing the discrepancy between source and sink, it is important to select excellent cultivars of super hybrid rice and study the characteristics of cultivation such as sensitivity to light, temperature, and feasible date of sowing and transplanting, as better light and temperature environments are required during the filling stage. For example, the growth period of Liangyoupeijiu is too long for its cultivation as double late rice in Wenzhou, but it is still an appropriate cultivar if sown before June 20, because of its greater thermo sensitivity. Therefore, it has been planted widely in Wenzhou. At present, other excellent cultivars such as Zhongzheyou8, Yongyou9 and Zhongzheyou1 have been widely planted scale in Wenzhou, as they are the main cultivars with disease resistance, high yield, and high quality [38] .
Raising robust seedlings
The robustness of seedlings and early development of tillers after transplantation in paddy fields forms the basis for coordinating the source-sink relationship in super
Strengthening field management in the mid-late stage
Effective field management is required to maintain a source and sink balance for high-production growth in the mid and late tiller stages. [45] . This include applying a fertilizer of 45 kg/ha urea and 75 kg/ha potassium chloride during spikelet development, but not during spikelet promotion as this will cause degeneration of the plant structures. [46] . The application of nitrogen in spikelet-developing fertilizers can increase nitrogen content, increase photosynthetic efficiency, and reduce the degradation of spikelets. Application of potassium in spikelet developing fertilizers can promote the synthesis and transfer carbohydrates to the grains, increasing seed setting rate and grain plumpness degree [47] . Exogenous hormones can also regulate the filling of super hybrid rice [48] . Spraying potassium dihydrogen phosphate and the special exogenous hormones Lilibao (meaning every grain will be filled, a plant growth substance including GA 3 and PP 333) at initial heading stage, can promote the heading, increase nutrition and regulate the relationship between inferior spikelets and superior spikelets, increasing seed setting rate and grain weight [49] . Crops should be irrigated with shallow water at the booting stage, paddy fields exposed at the heading stage, wet and dry cultivation alternated at the premature stage to increasing leaf photosynthetic efficiency, and delaying leaf senescence of super rice, resulting in greater transportation of carbohydrates to the grains [50] [51] .
